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(g) Method and apparatus for the characterization and discrimination of legal tender bank notes and 
documents. 

@ Method and apparatus for the characterization and discrimination of legal tender bank notes and 
documents, by means of colorimetric analysis of the surface of them by illumination of the documents 
and analysis of the colour by means of at least one red-green-blue colour sensor. The signals obtained 
are conditioned in analog terms via means (9) and (10) and subsequently digitalized. with the aim of 
allowing their processing by microprocessor (11) and subsequent comparison with representative 
standards for valid documents. 
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This invention refers to a method for the characterization and discrimination of legal tender bank notes 
and documents, by means of which virtually total reliability can be obtained in the acceptance or rejection of 
the document analysed. The invention equally refers to the apparatus by means of which the said method can 
be carried out. 

5 Traditionally, for the optical validation of bank notes the tone of the inks used has been measured, both 

in the visible spectrum and outside it. by means of broad-spectrum photosensors, typically photodiodes or pho- 
totransistors which, using techniques of illumination in different wavelengths, obtain incomplete colour infor- 
mation. 

For the validation of bank notes, methods are known that consist of carrying the bank note or document 
10 to be analysed along a path in which that document is illuminated and the analysis conducted by means of 
sensors for their colour, with signals being produced that are conditioned and subjected to analog-digital proc- 
essing. 

For measuring the colour, these familiar systems are based on the use of broad-spectrum photosensors 
which do not in themselves give information on the colour. In order to obtain this information the document is 
15 sequentially illuminated with different wavelengths, typically infrared, red and yellow, and more recently green. 
In a broad-spectrum photosensor the set of information read by the sensor In the photosensor with each of 
the above illuminations represents the colour of the document under analysis. 

Among familiar methods used for analysing the colour, an initial division can be made according to whether 
the light transmitted or reflected by the bank note (depending on the relative location of the light source) is 
20 diffracted by means of diffraction filters or prisms, with the analysis of the spectral components of the dif- 
fractton being proceeded with, or whether the light is processed by means of applying monochromatic filters 
(either to the illuminating light or to the light coming from the bank note), in which case the chromatic compo- 
nents defined by the filters used are analysed. 

Within the systems based on monochromatic filters, the methods used can be classified into two major 
25 gmups: 

1) Capturing of the light signal by means of broad-spectrum photosensorization with illumination of the 
bank note by means of monochromatic light sources (of narrow spectrum, typically the colours green, red 
or infrared) which are activated sequentially. 

For capturing the light signal either unitary photosensors are used (as an illustrative example of these 
30 procedures, patents US 3679314, GB 1470737 and US 461 8257 can be quoted) or groupings of unitary 

photosensors forming linear rows of photodetectors are used (for example those described by patents EP 
78708, GB 2088051 and EP 537513). 

2) Capturing of the light signal by means of narrow-spectrum photosensors (achieved by means of optical 
filters), each of them sensitive to a specif ic colour (for example red, green and blue), and illumination of 

35 the bank note by means of broad-spectrum emission light (typically white light). In this case as well the 

light signal can be captured by means of unitary groupings of narrow-spectrum photosensors, typically 
two or three photosensors (patents EP 395833, GB 2064101. GB 2192275 and US 3491243 serve as il- 
lustrative references) or by means of sets of such groupings forming linear rows of narrow-spectrum pho- 
todetectors (US patent 49221 09 serves by way of reference). 
40 Some observations can be made regarding the methods of capturing the light signal described above. 

Capturing by means of narrow-spectrum photosensors and broad-band illumination offers a more com- 
plete chromatic response than does capturing with broad-spectrum photosensors sequentially illuminated with 
narrow-spectrum light, since when the bank notes are illuminated with two, three or even four different narrow 
spectra (no more are used because of the considerable increase in complexity and cost), inter-spectral spaces 
45 corresponding to their respective colours are always left, and for these spaces the sensitivity to capturing of 
luminosity is notably attenuated. Furthermore, using LED photodiodes as a nan'ow-spectrum illuminator device 
(which are used In the majority of cases, mainly because of their good switching time with respect to other 
light sources for working sequentially), there is a notable lack of blue light tones due to the current non-exis- 
tence of high-efficiency blue LEDs compared with the efficiency achieved with other colours having possible 
50 commercial use (red, orange, yellow and green), which leads to a poor sensitivity below a wavelength of 500 
nm in the chromatic spectrum (as can be seen in figure 3). 

By using instead broad-band illumination (white light) with photosensors sensitive to the primary colours 
red, green and blue, the whole chromatic spectrum can be covered, with the sensitivity of the photosensor 
device being maintained throughout the entire width of the spectrum (see figure 4). 
55 This latter procedure is more similar to the means by which colour perception takes place in the human 
eye, based on the existence in the retina of three different types of cone approximately sensitive to red, green 
and blue respectively. 

According to this, the procedures for capturing the light signal falling in the second group in the classifi- 
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cation made do not suffer from blind zones within the chromatic spectrum - the primary defect that can be 
attributed to the methods of the first group. 

Moreover, in photosensors working by decomposition into primary colours (group 2) there is a simultaneity 
in time of the components of the colour obtained in each zone analysed, which does not occur with the chro- 
5 matic information obtained In sequential illumination systems (group 1). 

According to this, a red, green and blue photosensor can receive light coming from the bank note both by 
transmission and by reflection simultaneously, provided that they are of different spectra (for example blue 
by reflection and red by transmission), with processing of both signals being carried out simultaneously, some- 
thing that is not possible to do with a broad-spectrum photosensor. 
10 Within the procedures for capturing of light signals by obtaining the primary components (red. green and 
blue), systems based on rows of photodetectors extract much more infonnnation from the surface of the bank 
note since in these systems, and for each of the fundamental colours, infomriation is obtained from the surface 
of the bank note discretlzed into a two-dimensional matrix: 

15 

i = 1,2, ...m : j = l,2,,..n 

m 

20 If the row contains 32 sets of red. green and blue photosensors and 1 50 lines are analysed along the bank 
note, the matrices would be 150 rows by 32 columns (m = 150, n = 32). 

On the other hand, discretized Information matrices obtained in systems based on single sets of red. green 
and blue photosensors are of a single dimension with which if 150 zones of the bank note are analysed, as in 
the above example, matrices of 150 rows by a single column are obtained. 

25 Clearly the infonmation stored in matrices of systems made up of rows of red, green and blue photosensor 

sets is much greater than that stored in those conresponding to unitary sets in such a way that, although both 
systems can theoretically achieve a similar resolution in the longitudinal dimension of the bank note, the same 
cannot be said for the resolution in the detail analysis along the transverse dimension of the bank note, since 
the resolutton possessed by systems with rows of photosensors is unattaintable by systems with unitary sets. 

30 The object of the present invention is to develop a discriminating method for bank notes based on a system 

of analysing the colour with greater precision than that of those known to date. The invention equally develops 
the apparatus for carrying out the said procedure. 

The method forming the object of this invention is based on the use of a red-green-blue colour sensor which 
by itself gives information in each of the colour components red, green and blue. In the method of the invention, 

35 the illumination will preferably be carried out by means of broad-spectrum light sources (white light), in which 
case the best result in the analysis of the colours is obtained. With this system, it is possible, for example, to 
analyse the blue component with much greater precision than with systems based on broad-spectrum photo- 
sensors, which use illumination by means of solid state devices. 

By means of analysing the colour in the manner described the colorimetric characteristics of the document 

40 are extracted at the level of each of the fundamental colours, red-green-blue. The signals obtained are con- 
ditioned by means of analog-digital processes for theirtreatment by means of microprocessor and for later conr>- 
parison with representative standards for valid documents, all this with the aim of deciding whether to accept 
or to reject the document subjected for examination. 

Illumination of the document can be done by means of a light source that covers the entire visible spectrum, 

45 by means of an ultraviolet light source, by means of an infrared light source, by means of one or more nrK)no- 
chrome light sources, and even by means of a row of two of more light emitter units, each of them having dif- 
ferent wavelengths, it being possible to use a line of light emitters of identical emission spectrum. 

The method of the invention also provides for measurement of the dimensions of the document being ex- 
amined, by means of the colour sensor or sensors, along with a system for carrying that document 

50 The data corresponding to the colour components can be processed for obtaining repetition histograms 
of colour levels. In turn, and by means of processing the histograms, statistical parameters are obtained such 
as the arithmetic mean, standanJ deviation, upper limit, lower limit and points around the mean. The statistical 
parameters will be used in the process of comparison with the corresponding parameters of the standard nrradel 
or models in order to lead to acceptance or rejection of the bank note being examined. 

55 Processing of the colour components can also be done in order to obtain the spatial dependency matrices 

of colour levels. By means of processing these spatial dependency matrices of colour levels other familiar stat- 
istical parameters are obtained such as homogeneity, transitions and contrasts, which are used in the process 
of comparison with the corresponding parameters of the standard model or models in order to lead to accep- 
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tance or rejection of the bank note being examined. 

Discretized information matrices obtained for each of the components of the colour can also be used for 
conducting a correlation with different masks designed for detecting invariant zonal properties. The result of 
the correlation is compared with representative values of valid documents with the aim of accepting or rejecting 
5 the document being examined. 

The method of the Invention also provides for processing In order to convert the components of the colour 
in the format red-green- blue Into the format tone-satu ration-luminance for calculating In this format all the stat- 
istical parameters or the homogeneity, transitions and contrasts parameters. 

According to another characteristic of the method of the invention, the document is subjected to the action 
10 of an optical system capable of producing the "Moire" effect, the detection of which is used for accepting or 
rejecting the document being examined. 

The method described is carried out by means of an apparatus that includes means of carriage for the 
bank notes or documents, devices for illuminating the obverse and reverse side of the documents, sensors 
for measuring colours and analog and digital devices for conditioning and processing the signals obtained. The 
15 said sensors will include at least one linear red-green-blue colour sensor capable of providing by itself infor- 
mation relating to the componentis of these three colours. This sensor will consist of a colour sensor, preferably 
a linear CCD sensor responding to the colours red, green and blue. 

With this type of sensor a resolution is; obtained of the image of the analysed surface much greater than 
that obtained with rows of photodiodes. For example, a CCD sensor with 520 pixels (photosensor units) is typ- 
20 ical for each red, green and blue component, while rows of photodiodes are usually restricted to 32 units due 
to physical limitations since the physical space of each unit is much greater than the size of a pixel on the CCD. 

Patent US 49221 09 describes rows of nanrow-spectrum photosensors which, for discriminating the colours 
red, green and blue, require a minimum of 3 modules of photosensor rows, while one CCD sensor by itself 
constitutes a single linear module. 
25 Moreover, -the use of a CCD sensor enormously simplifies the electronic circuitry inherent to a row of pho- 

todiodes (for example, the multiplexing and conversion at output by series register is Integrated In the same 
CCD sensor), besides the incorporation of adjustments and subtllzers non-existent in rows of photodiodes. 
such as the presence of some blind pixels for adjusting the reference level for black or the terminals for con- 
nection of the integration time (for adjusting the sensitivity of the device to light) or the connection for the clock 
30 that marks the reading frequency of the information stored in the pixels. 

In accordance with the invention light diff users are also fitted between any of the light sources and the 
document to l>e examined. The apparatus also includes an optical system for focusing on the document in the 
direction perpendicular to the direction of advance, with the aim of measuring the width of the document during 
its travel. The apparatus of the invention can also be provided with an optical system that focuses on one part 
35. of the document and allows the fineness of characteristic details of that document to be detected. 

Finally, the apparatus is fitted with circuitry for digital processing, which includes a microprocessor, also 
incorporating peripheral circuits for carrying out control of the lighting systems, for control of the mechanical 
carriage system, and for connmunication with external devices and auxiliary sensors and signalling. 

The optical sensorizatlon method and the subsequent processing used for recognizing legal tender bank 
40 notes and documents forming the object of the invention are based on the inspection of the surface of those 
bank notes and documents in order to determine the content that they possess in the primary colour compo- 
nents and the subsequent processing of those colour components in order to obtain their characteristic para- 
meters which will serve for comparison with standard parameters stored in memory and obtained from bank 
notes or documents regarded as calibration standards. As a result of the comparison the bank note subjected 
45 to inspection is accepted or rejected depending on whether it is regarded as genuine or not. 

Inspection of the bank note is done over the entire surface or over a large part of it by means of analysing 
successive lines transverse to the note, from one end to the other as the bank note is displaced by the carriage 
mechanism. 

Each line is analysed by a red, green and blue linear sensor, the luminous information on that line being 
50 shaped according to unitary triads of pixels (minute viewed areas) sensitive to the primary colour components. 

The bank note Is illuminated by means of broad-spectrum light (white light), both on the obverse side and 
on the reverse side as required by the printing of the note in such a way that the illumination captured by the 
linear sensor during some lines will be by transmission, and by reflection during the remainder. 

The linear sensor is conditioned by means of precise electronic circuitry where, with the corresponding 
55 analog-dlgita! converter, digitalized information is obtained relating to each pixel. This infonriation is stored in 
a memory and goes to make up 3 tables (one for each colour component), each of them giving rise to a two- 
dimensional matrix where the number of columns is determined by the number of pixels of each line and the 
number of rows corresponds to the lines captured. 
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Each matrix is the result of data on each colour component coming from the linear sensor and the value 
of each element of that matrix represents the colour level detected in each pixel read. 

The content of the matrix elements represents the distribution of colour levels in the surface analysed. 
On the basis of this information a 1st order histogram is obtained, calculating for each colour level the num- 
ber of pixels that contain that level. 

The relation with a levels probability function is immediate: 
b: represents each colour level. 
N(b): Number of pixels showing level b. 



M: Number of pixels read. 
P(b): probability of level b occurring. 
One way of characterizing a distribution is by means of statistical parameters. 

The patent includes the use of some of the parameters that can be directly calculated starting from the 
probability function, in particular the following: 


Mean = Jb = 2 JbPfjb; 
Jb=0 


where L is the number of colour levels used. 


standard deviation = [X (b-b)2P(b) ]^ 


Upper limit = b^ax - b; with b^/ Vb < b,„ax P{b) = 0 
Lower limit = b - bmim with b^in / Vb < b^m P(b) = 0 
Points around the mean = 


M 2 P(b) 
\b~h\<K 

where K is a determined percentage of the total range. 
Total range = b^ - b^m 


Upper mean = 2 bP(b) 
b-b 


b 

Upper mean = 2 bP(b) 


As well as the statistical parameters described above, it is interesting to use relations aniong them in order 
to obtain parameters that are more stable with regard to variations due to aging, dirtiness, temperature, etc. 

Another method for obtaining parameters having a greater stability against the variations mentioned above 
(aging, dirtiness, etc.) consists of using a spatial dependency matrix constructed on the basis of 2nd order 
histograms (one for each colour). _ . 

2nd order histograms are related to the distribution probability of transitions in level between pairs of pixels. 
The pairs of pixels that are considered can be contiguous or not and can be spatially separated in any direction. 
Once the distance between the pixels that are going to be considered is defined, along with a direction of study, 
a second order histogram is calculated for each pair of colour levels a and b. and also for the number of times 
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that a transition between these two levels appears N(a,b). 
The probability of transitions between levels is given by: 

5 where P(a.b) Is the probability of a transition occurring between colour level a and that of b. 
N(a.b) is the number of pixels in which that transition occurs. M is the total number of points. 

Having calculated this probability function for the desired directions and distances and for each primary 
colour, the spatial dependency matrix of colour levels can be constructed. This is an L • L matrbc (where L is 
the number of levels of each primary colour used) in which each element (a,b) represents the probability P(a» 

10 of a transition occurring between levels a and b. In this case, this matrix has been calculated for the horizontal 
and vertical directions, for adjacent pixels and for each primary colour. 

Starting from the spatial dependency matrix, which contains a great deal of information on the level of de- 
tails and contrasts present in the image, parameters conresponding to the following general model are calcu- 
lated: 


15 


20 


35 


L-1 L-1 
X = H 2 f(a,b)g[P(a,b)] 


from which, depending on the weight that it is wished to give by way of variation of the transitions, the particular 
parameters can be personalized. This is how it has been used in fact. 

Transitions: These are obtained as the sum of all the elements of the spatial dependency matrix for colour 
levels except diagonal elements. And it gives an idea of the number of level transitions present in the image 
25 as it travels in a particular direction. 

L-1 L-1 

Transitions = 2 r P(a,b) with a 
a=0 Jb=0 

30 

Contrast This also takes transitions into account, but these are affected by a coefficient that gives greater 
weight when the difference t>etween the levels Involved in the transition is greater. 

L-1 L-1 

Contrast = 2 2 (a-b) ^P(a,b) 
a=0 b^O 

40 Homogeneity: This parameter gives greater value to zones in which there are fewer transitions. 


L-1 L-1 

Homogeneity = 2 2 Pfa^b) 

a-0 h=0 1 + \a-b\ 

45 

The parametei-JS shown so far are focused on the global characteristics of the image in terms of the dis- 
tribution of its colour levels. In order to carry out a complete study it seems evident that the spatial distribution 
of those colour levels needs to be evaluated. Putting this another way, parameters have been extracted that 
50 characterize the levels present and their transitions independently of the point of the image in which they are 
produced. What is missing is something that would detect the presence in the image of certain particular spatial 
shapes; it is not sufficient to detect certain levels and certain transitions, instead they must be detected in par- 
ticular zones and in particular sequences, in other words, invariant zonal properties have to be located. 

What needs to be determined is whether in a digitalized image f(x,y) of size M * N any subimage is found 
55 similar to a standard or template W(x,y) of size J * K with J < M and K < N. One of the most common methods 
used for solving this problem is to carry out a correlation between W(x,y) and f(x,y). 

In its simplest form the correlation between these two functions is given by: 
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J-1 K-1 

R(m,n) = E S f (x-^Jn,y-^n}w (x,y) 


10 


15 


m = 0,1 (M-J) n = 0,1 (N-K) 

For each value of m and n the above equation is applied in such a way that R(m,n) is composed. For each 
value (m,n) the standard W(x,y) Is superimposed on a different zone of the image f(x.y) and the level of coin- 
cidence in that position is determined by means of R(m,n). 

The maximum value of R(m.n) will be given in the position in which there is the best match between the 
standard and the subimage of f(x,y). 

As defined, the correlation function is none other than template matching between the standard that it is 
wished to detect and the image. 

It is possible to modify the expression for the correlation in such a way that the peaks are accentuated 
somewhat more. This is achieved by means of a normalization of the following form: 


20 


25 


J-1 K-1 


R(m,n) = 


J-1 JC-I 

2 2 (x-^m,y-^n} 
X=0 Y=0 


All the characterization treatments stated above (parameters extractable from 1st and 2nd order histo- 
grams and template matching) are applied to the image of the surface of the bank note observed when illu- 

30 minated from the side or transversely and captured line by line by the photosensor device for its later com- 
parison with the corresponding representative lines from valid documents, with the aim of causing the accep- 
tance or rejection of the document being examined. 

These characterization treatments must not be understood as being restricted solely to the captured image 
as in the above explanation. They can also be extended to images obtained by other procedures such as in 

35 the case of a particular zone of interest (e.g. that in which details of the engraved printing are observed in which, 
because of its fineness, concentration of lines, etc.. are poorly achieved with photocomposition systems for 
forgeries) which with suitable optical means are magnified in order to obtain the image fonming the subject of 
analysis. 

Another case of a particularized image could be that made up by Moir6 fringes obtained with suitable in- 
40 terference means, since in the majority of bank notes there are zones where the printing of the inks creates a 
specific grating which, if observed via grating lenses similar to the above and located at an appropriate angle, 
give rise to interference fringes of frequency less than the above and known as Moir6 fringes. (The detection 
of Moir6 fringes is widely used in machine tools for capturing the positioning of height visualizers.) 

The characteristics and advantages of the invention are revealed by the example shown in the diagrams 
45 of how this might be carried out, in which: 

Figure 1 shows in diagrammatic form the anrangement of the apparatus fomning the object of the invention. 

Figure 2 is a block diagram of the means of conditioning and processing the signals supplied by the sen- 
sors. 

Figure 3 is a diagram showing the spectral response of the illumination with particular LEDs with colours 
50 red and green (curves 1 and 4 in the continuous line), and also including the colours yellow and orange (2 and 
3 in broken line). 

Figure 4 is a diagram showing the spectra! response of a colour CCD sensor device., in its respective red, 
green and blue tones. 

In the apparatus of the inventionrfigure 1, the entry of the bank note or document is detected by a detector 
55 not shown here, and a carriage mechanism is activated, which can consist of pairs of rollers 1 driven by a motor 
2 and by means of which the bank note or document 3 succeeds in being displaced. At the same time the il- 
lumination systems 4 or 5 are activated, as required by the zones of the document 3. The apparatus includes 
a colour CCD linear sensor 6 at all times providing the colour component red-green- blue received from the 
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document. The observation area will depend on the lens system 7 inserted between the sensor 6 and the docu- 
ment 3. In order to achieve greater uniformity in the illumination of the document, it is advisable to include dif- 
f users 8 for the light emitters 4 and 5. 

As can be appreciated in figure 2. the apparatus of the invention includes means 9 and 10 for conditioning 
5 the red-green-biue signals in analog terms and then digitalizing them, with the aim of being able to process 
them by means of a microprocessor 11 , which includes RAM 12 and EPROM 1 3 memories and associated per- 
ipherals 12 via the peripherals input and output unit 14. The said means are provided with a switch 15 for se- 
lecting the colours red, green and blue, to each of which colour corresponds one of the paths 16. In a final 
phase, the result of the processing is compared with the representative values of valid bank notes in order to 
10 carry out acceptance or rejection of the bank note subjected to examination. 

The peripheral circuits mentioned include input-output ports by both series and parallel path for carrying 
out control over the illumination systems, the mechanical carriage system for the sensors and auxiliary bodies, 
and for communication with external devices. 

The light sources used will preferably consist of rows of small incandescent lamps or of halogen lamps or 
15 Other broad-spectrum light sources such as fluorescent, neon or xenon lamps. 

When the chromatic information present in the document to be examined is clearly concentrated In a lim- 
ited part of the spectrum the use of broad-spectrum light sources or white light will not be important and se- 
lective monochromatic illumination can be used, such as rows of photodiodes each of the same colour or rows 
of photodiodes each of two or more different colours. 
20 Similarly, and due to the frequent use in bank notes of inks that are fluorescent to ultraviolet illumination 
or inks visible in the infrared spectrum, the illumination described above can be complemented with ultraviolet 
or infrared light sources with the aim of obtaining fluorescent images or images visible under infrared so that 
they can later be analysed according to the characterization method contained in the patent 

CCD sensors in colours red, green and blue normally extend into the red field as far as the near infrared, 
25 therefore their use is feasible with the infrared illumination described above. 

Bearing in mind that the CCD sensor device can cover the entire width of the bank note (depending on 
the focusing used) in the direction perpendicular to the direction of advance, a constant measurement is pro- 
ceeded to be made of the width of the bank note for detecting possible cuts, folds or transverse dimension 
smaller than that tolerated, with which the document will be rejected. 
30 Measurement of the length of the document being examined is also provided for, by means of the colour 

sensor in conjunction with the carriage system for that document, by the procedure of counting the lines in- 
spected and contained in it and rejection of the document if the number of lines does not fall within the threshold 
established for authentic documents. 

Taking into account the present cost of colour CCD sensors, a low-cost version of the apparatus described 
35 above could be produced, with an identical signal processing system, replacing the colour CCD linear sensor 
vvith a linear photosensor system in colours created on the basis of sets of photodiode triads, with each of the 
photodiodes in each triad being sensitive to the primary colour components (this sensitivity can be achieved 
by means of incorporating the corresponding optical filters into the photodiodes). 

If the photodiodes sensitive to the colour red were also sensitive to the near infrared, and if it is wished to 
40 detect this spectral component (detection of infrared images), a photodiode sensor element for infrared can 
be incorporated in each photodiode sensor set (or it can replace the least sensitive photodiode). 

Finally, a transformation can be used of the image according to its red, green and blue components into 
the format of tone, luminance and saturation, since in this latter format one has the tone component, which 
gives information that is more statHe against variations in illumination (due to temperature, aging, dirtiness) 
45 than are the red, green and blue components. For this, in some cases it can be sufficient to exhaustively ana- 
lyse the tone component as the object image of analysis instead of the images in red, green and blue. The 
transformation is carried out by calculating the following equations: 

Luminance: L = ^{R-^V+ A) 


50 


Saturation: S = 1 - — — f- — -m\r\(RMA) 


Tone: T = cos-i 'tg' g-'^J 

IR-VP + {R-A)(V-A)^ 

The diagram of figure 3 shows along the ordinate the relative luminous intensity and along the abscissa 

55 the wavelength, the curves corresponding to the colours green, yellow, orange and red respectively emitted 

by typical photoemitters being referenced with the numbers 17, 18, 19 and 20. 

In diagram 4 the relative response is measured along the ordinate and the wavelength along the abscissa, 

the curves corresponding to the colours blue, green and red, the typical response of a colour CCD, being rep- 
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resented respectively by the references 21, 22 and 23. 


Claims 

5 

1.- Method for the characterization and discrimination of legal tender bank notes and documents, consist- 
ing of the carriage of the document to be analysed along a path in which that document is illuminated and ana- 
lysed by means of sensors for its colour, producing signals that are conditioned and subjected to analog-digital 
processing, characterized by the fact that the analysis of the colour is carried out by at least one red-green- 

10 blue colour sensor which directly provides information on the colour components of the light received from the 
document subjected to examination, with the aim of extracting the colorimetric characteristics of the document 
in terms ofthe level of each of the fundamental colours, red-green-blue; the signals obtained being conditioned 
by means of a microprocessor and subsequently compared with representative standards for valid documents 
with the aim of deciding on the acceptance or rejection of the document subjected to examination. 

15 2.- Method according to patent claim 1 , characterized by the fact that illumination of the document is done 
by means of a light source covering the entire visible spectrum. 

3, - Method according to patent claim 1 , characterized by the fact that illumination ofthe document is done 
by means of an ultraviolet light source. 

4. - Method according to patent dalm 1 , characterized by the fact that illumination ofthe document is done 
20 by means of an infrared light source. 

5. - Method according to patent claim 1 , characterized by the fact that illumination of the document is done 
by means of one or more monochromatic light sources. 

6, - Method according to patent claim 1 . characterized by the fact that illumination of the document is done 
by means of a row of two or more light emitter units, each of them of different wavelength. 

25 7.- Method according to patent claim 5, characterized by the fact that illumination of the document is done 

by means of a line of light emitters of identical emission spectrum. 

8.- Method according to patent claim 1, characterized by the fact that the measurement of the length of 
the document examined is done by means ofthe colour sensor or sensors in conjunction with the carriage sys- 
tem for that document. 

30 9.- Method according to patent claim 1, characterized by the fact that processing of the components of 

the colour is carried out in order to obtain repetition histograms of colour levels. 

10.- Method according to patent claim 9, characterized by the fact that processing ofthe histograms is car- 
ried out in order to obtain statistical parameters, such as arithmetic mean, standard deviation, upper limit lower 

limit and points around the mean. 
35 11 Method according to patent claim 1 0, characterized by the fact that the statistical parameters are used 

in the process of comparison with the corresponding parameters of the standard model or models for causing 

acceptance or rejection of the bank note being examined. 

12.- Method according to patent claim 1 , characterized by the factthat processing of the colour components 

is canried out in order to obtain spatial dependency matrices of colour level. 
40 13.- Method according to patent daims 1 and 12, characterized by the fact that processing of the spatial 

dependency matrices for colour levels is carried out in order to obtain the parameters known as transitions 

and contrasts. 

14. - Method according to patent claim 1 3, characterized by the fact that the transitions and contrasts para- 
meters are used in the process of comparison with the corresponding parameters of the standard model or 

45 models for causing acceptance or rejection of the bank note being examined. 

15. - Method according to patent daim 1, characterized by the fact that processing is carried out for con- 
version of the components of the colour in red-green-blue format into tone-saturation-luminance format for cal- 
culating the statistical parameters or transitions and contrasts parameters in this new format. 

16. - Method according to patent daim 1, characterized by the fact that the colour components are used 
50 for making a correlation with different masks designed for detecting invariant zonal properties. 

17. - Method according to patent daim 16, characterized by the fact that a comparison is made ofthe result 
of the correlation with representative values for valid documents, with the aim of causing the acceptance or 
rejection of the bank note being examined. 

18. - Method according to patent daim 1, characterized by the fact that the document is also subjected to 
55 the action of an optical system capable of producing the "Moir^" effect, the detection of which is used for ac- 
ceptance or rejection of the bank note being examined. 

19. - Method for the characterization and discrimination of legal tender bank notes and documents, con- 
sisting of means of carriage for the bank notes or documents, devices for illuminating the obverse and reverse 
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sides of the documents, sensors for measuring the colours and analog and digital devices for the conditioning 
and processing of the signals obtained, characterized by the fact that it includes at least one red-green-blue 
colour sensor capable by itself of providing information relating to the components of these three colours, 
whose sensor consists of a colour sensor, preferably a linear CCD sensor responding to the colours red. green 
5 and blue. 

20. - Apparatus according to patent claim 1 9. characterized by the fact that the photosensitive device con- 
sists of sets of photodiode triads respectively responding to the colours red, green and blue. 

21. - Apparatus according to patent claims 19 and 20, characterized by the fact that one or more of the 
photodiodes in the set respond to infrared tight 

10 22.- Apparatus according to patent claim 19. characterized by the fact that it includes light diff users be- 
tween any of the light sources and the document to be examined. 

23.- Apparatus according to patent claims 19 and 21. characterized by the fact that it includes an optical 
system for focusing on the document in the direction perpendicular to the direction of advance, with the aim 
of measuring the width of the document during its travel. 

15 24.- Apparatus according to patent claims 19 and 21, characterized by the fact that It includes an optical 

system that focuses on one part of the document, allowing the fineness of characteristic details of that docu- 
ment to be detected. 

25.- Apparatus according to patent claim 19. characterized by the fact that it includes the circuitry for the 
digital processing which includes a microprocessor, and also incorporating peripheral circuits for carrying out 
20 control of the illumination systems, for control of the mechanical carnage system and for communication with 
external devices and auxiliary sensors and signalling. 
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